A Brn2-Zic1 axis specifies the neuronal fate of retinoic-acid-treated embryonic stem cells.
Mouse embryonic stem cells (ESCs) treated with all-trans retinoic acid differentiate into a homogenous population of glutamatergic neurons. Although differentiation is initiated through activation of target genes by the retinoic acid receptors, the downstream transcription factors specifying neuronal fate are less well characterised. Here, we show that the transcription factor Brn2 (also known as Pou3f2) is essential for the neuronal differentiation programme. By integrating results from RNA-seq following Brn2 silencing with results from Brn2 ChIP-seq, we identify a set of Brn2 target genes required for the neurogenic programme. Further integration of Brn2 ChIP-seq data from retinoic-acid-treated ESCs and P19 cells with data from ESCs differentiated into neuronal precursors by Fgf2 treatment and that from fibroblasts trans-differentiated into neurons by ectopic Brn2 expression showed that Brn2 occupied a distinct but overlapping set of genomic loci in these differing conditions. However, a set of common binding sites and target genes defined the core of the Brn2-regulated neuronal programme, among which was that encoding the transcription factor Zic1. Small hairpin RNA (shRNA)-mediated silencing of Zic1 prevented ESCs from differentiating into neuronal precursors, thus defining a hierarchical Brn2-Zic1 axis that is essential to specify neural fate in retinoic-acid-treated ESCs.